abstract A most interesting feature of dense plasma foci is the acceleration of charge particle at energy in the range of MeV per nucleon. Using deuterium gas, this devices produce fusion D-D reactions, generation fast neutron pulses (~ 2.5 MeV). The device used in the present work is a Mather-type dense plasma focus, called PACO. It is a 2kJ device at 31 kV, with an oxygen-free copper anode, 50 mm long with 40 mm diameter. The coaxial cathode is formed by ten copper rods arranged in a squirrel cage configuration at a radius of 50 mm. The insulator in an annular Pyrex ® tube located at the base of the anode. The energy store is provided by four 1 µF (40 kV, 40 nH) capacitors in parallel. The plasma focus was operated at 1.5 mb deuterium gas pressure. Neutron and accelerated particles are analyzed with material detectors (CR-39 Lantrack ® ) for different conditions. A detailed study is made of track diameters when the plastic is chemically etched with, 6N KOH at 60°C (±1) for 12 h.
neutron source, and although it is hardly a candidate for energy generation, it is attractive for other applications. A large number of experimental investigations have been conducted with the aim of better understanding the nature of the fusion mechanisms, and especially to test the validity of the thermonuclear model and various complementary models based on suprathermal mechanisms, such as the beam-target [2, 18] and gyrating-particle models [13] . These studies have concentrated mainly on the neutron fluence characterization, including the neutron yield and anisotropy, the neutron energy spectra, and the temporal pulse duration and shape [1, 17, 18] . In particular, the neutron pulse duration (~100 ns) and the observed neutron anisotropy provide compelling evidence that supra-thermal mechanisms play an important role. However, in earlier work we found that there are both isotropic and anisotropic contributions in the neutron angular distribution, the former being the most important [4, 5] . Although it has been established that there is more than one fusion mechanism, a detailed understanding of them is still lacking. In contrast to the neutron measurements, a paucity of experimental data exists on the charged fusion products: protons, tritons and 3 He. As pointed out by Jäger et al. [14] , such studies could provide much needed additional information on the fusion mechanisms. In the present work, in addition to the study of the neutron angular distribution, that of protons from the 2 H (d, p) 3 H reaction channel is also studied, using a semi-circular holder. The fusion protons, with energies of 3.02 MeV, are far more penetrating than any of the other charged particles, except for the deuterium beam, which is axially accelerated by the focus. Therefore, they can be easily studied. The adverse environmental conditions encountered during a PF shot include: strong electromagnetic noise, intense emissions of light, ultra-violet, x-rays and energeticelectrons. As mentioned above, there is also a strongaxially directed deuteron beam, which is followed by the expansion of hot plasma. The charged particle emission occurs in a time scale shorter than 10 -7 s, so the count-rate requirement for an electronic detector would be extremely high. In view of these considerations, it is apparent that polymer solid-state nuclear track detectors are well suited for time integrated diagnostics for neutrons and charged particles studied in plasma focus devices. Earlier work on the diagnostics of fusion neutrons, using CR-39 nuclear track detectors, was done by Collopy et al. [8] , Frenje et al. [11] , and Castillo etal. [4] . Charged particles incident on a polymer track detector, such as CR-39, deposit their kinetic energy as dense trails of ionization and excitation resulting in numerous polymer chain scissions. These damage trails represent latent particle tracks which can be made visible by chemical etching after the exposure [9] . Counting etched tracks by eye, using an optical microscope, has been the most frequently employed method
Study of Neutron
From a Dense Plasma Focus Paco Instrument by Means of Nuclear Tracks Detectors for many years. Naturally, the tedious and laborious nature of such work is not convenient for the high accuracy required in the analysis of a large number of detectors. If the spatial distribution of the tracks is required, rather than simply a gross count, the task of manual analysis becomes extremely time-consuming and inconvenient. In the present work, an automated track measurement system has been employed, which overcomes the limitations of manual counting [12] .
exPerIMeNTal SeTuP
The source of energetic neutrons used is a Mather type dense plasma focus device named PACO [15] with 2 kJ of energy stored in a capacitor bank and relatively small dimensions, placed in the National University of the Center of the Buenos Aires Province, Argentina. Anode (the usual): OFHC Cu, length: 50 mm, diameter 40 mm, hollow, with inner diameter of 20 mm, covered by a disc Wf of 5 mm thick, inserted 5 mm deep from the end free anode and operated within the limits of deuterium pressure range with neutron production [16] . A schematic of the DPF PACO is shown in Figure 1 .
This device has the feasibility of a simple mechanical modification of the support structure to allow its easy transportation. It normally operates as follows: a relatively fast discharge of high voltage (31 kV) and current (250 kA) is realized on a pair of coaxial electrodes under an atmosphere of 92 D 2 at low pressure (1−3 mbar). As a result of self-compression of the deuterium plasma, a zone of high density and temperature (focus) is formed where very energetic deuteron and electron beams, hard and soft X-ray pulses [7] , and nuclear fusion reactions are generated. Therefore, a neutron flux of 2.45 MeV is produced in pulsed form, with variable duration (shot to shot) between about 80 and 150 ns (FWHM) and a total average irradiance of about 2 × 10 8 neutrons per pulse distributed in 4π sr. Figure 2 , shows typical waveforms, simultaneously recorded, of the temporal evolution of hard X-rays and fusion neutrons (lower trace), anodecathode voltage at the top of the coaxial gun (middle trace), and discharge current derivative (upper trace).
The diagnostics used for the registration of the current derivative and voltage are a calibrated Rogowski coil and a calibrated fast resistive voltage divider, respectively. The time integrated, in each pulse, neutron yield is registered by a calibrated Silver Activation Counter (SAC). The time resolved X-ray pulses and neutrons are recorded by a plastic scintillator NE102A type, 
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Instrument by Means of Nuclear Tracks Detectors optically coupled to a photomultiplier tube (S-PMT) located approximately 2 m from the emission source (focus). This distance can accurately separate both photon and neutron pulses by a difference of time-of-flight. X-ray emission is a secondary process that occurs almost simultaneously with neutron emission [3] , as a result of the formation of a beam of very energetic (relativistic) electrons in the region of the dense and high temperature plasma during the final pinch stage. Experimental evidence suggests that its origin is associated with the Bremsstrahlung beam of electrons interacting with the back of the hollow central electrode (anode) in the PACO device. Due to the large flux of electrons and their high energy, an insert of a high atomic number material (tungsten) is placed inside to optimize the Bremsstrahlung conversion efficiency. The PACO device has a non-uniform angular distribution of the emission of neutrons. This was determined previously [6] using solid state nuclear track detectors CR-39.
The neutron flux φ averaged over several shots, was measured with CR-39 chips. This method has been used earlier at other devices to detect neutrons of energy around 2.45 MeV. CR-39 polycarbonate Lantrack ® chips, with a 1.9 cm × 0.9 cm surface and 500 µm thick as detection material, at two different angles relative to the gun axis: 0°, and 90°. Suitable neutron detection was obtained covering the CR-39 with 2 mm thick polyethylene sheets. The detectors were exposed to 150 shoots, for a filling pressure of 1.25 mbar. The chemical etching of the plastic chips was performed by immersing it in KOH, 6.25M solution, at 60°C±1°C for 12 hours. The track counting was done with an optical microscope, with a 100X magnification, fixing a field of 2 mm × 20 mm as measurement area. Forty fields per chip were counted, in order to obtain better statistics. The optical microscope is coupled to a CCD camera and a Digital Image Analysis System (DIAS), making all this measurements automatically. The software used for the counting tracks and track size analysis was Jandel Corporation Mocha ® Image Analysis Software and Microsoft Excel ® for the data analysis.
reSulTS
Detectors CR-39 was placed at 0° and 90° with the system axis; outside the chamber discharges at a distance of 35 cm from the center electrode. It was determined that these angles were similarity detectors activated silver. The values obtained for the CR-39 in both cases are: at 0° gives us an average 168 Traces / cm 2 , and 90° obtain 220 Traces / cm 2 . This clearly defines us anisotropy. 
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The average distribution of the neutron yield was studied using the CR-39 detectors. The distribution of the track per cm 2 is shown in Figures 3 and 5 , for each detector. The distribution of the track is shown in Figures 4 and 6 , as position function. The uncertainties are greater difference between the average and the maximum and minimum values. When obtaining the track density by means of the Dias, only tracks whose ratio of minor diameter to major diameter was greater than 0.9 were considered.
A total of 21 detectors were exposed at 0°, representing an accumulated 188 (1.03 x 10 8 neutrons) PF shots. And a total of 28 detectors were exposed at 90°, representing an accumulated 180 (9.95 x 10 7 neutrons) PF shots. The CR-39 detectors were etched in 6 M − KOH solutions at (60 ± 1°C) for 12 h. A 6M solution of KOH is typically used as it has been shown that the sensitivity of CR-39, defined here as the ratio between the etch rate of a track and that of the bulk (VT/VB), is maximized at this molarity; higher sensitivity improves track contrast and the detection of charged particles with an optical microscope. The average number of counts N0 for the detector on axis, and N90 for the detector at 90°, were plotted as functions of the filling pressure for 390 shots. The data show a clearly defined anisotropy ratio A = N 0 /N 90 , with a maximum around 1.5 mbar, which coincides with the pressure at which the maximum neutron yield is obtained.
The values obtained with CR-39 detectors were at 0° to 222 tracks/cm 2 and 90° was 168 tracks/cm 2 . What it gives us a neutron flux: 2.19 x 10 7 n and 1.66 x 10 7 n to zero and ninety degrees respectively. Which is consistent with those obtained by silver activated detectors which were at 0° to 181 accounts, and 90° of 165 accounts; giving a flow of 2.14 x 10 7 n and 1.95 x 10 7 n for each of the angles.
The values obtained are in good agreement with previous results, and confirms that the team continues to perform well despite the changes. This time it was not possible to distinguish neutrons protons, possibly because the CR-39 detectors placed outside the chamber.
CoNCluSIoNS
The responses obtained for CR-39 detectors exposed to neutron flux (2.45MeV) produced in the plasma focus PACO is quite consistent with the previously acquired. The small differences are due to position detector (CR-39) compared to the neutron flux. It is found in this work that the neutrons can account for at most one-tenth of the observed density. The nature of the array unfortunately forbids the possibility of exploring the yield at more angles. Most traces may be identified with accelerated protons along the axis. A smaller quality of traces cannot be identified with protons and may be due to accelerated impurities.
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